Neural tube defects (NTDs) including spina bifida, anencephaly and encephalocele are among the most common birth defects, with high associated mortality and morbidity. There are no data concerning the incidence, associated anomalies, treatment and outcome of NTDs in Algeria. The objective of this study is to analyse data on NTD cases from [2004][2005][2006] at Sétif Hospital, a hospital with 8,000-10,000 deliveries annually. A retrospective chart review of patients with NTDs was performed, who were born at Sétif Hospital 2004-2006. During the 3 year period we examined, there were 215 patients with NTDs treated in the Sétif Hospital. The incidence of NTD is 7.5 per 1,000 births. The sex distribution was not equal among NTD cases, 126 (58.6%) females, 88 (40.9%) males and one (0.5%) unidentified sex. Among all NTD cases, there where 122 (56.7%) with spina bifida, 69 (32.1%) with anencephaly, 1 (0.5%) with encephalocele and 23 (10.7%) with anencephaly and spina bifida. Hundred and seventeen (54.4%) cases died in utero and 4 cases (1.9%) unknown. The rate of consanguinity among all NTD cases was 13% (28/215). The rate of affected newborns was highest in mothers aged 31-35 years (21.9%). The peak prevalence was in June (15.8%). A half of NTDs were spina bifida and there was a high rate of mortality. This study demonstrates that NTD represents a significant public health problem in Algeria. In Algeria there were no population-wide educational campaigns about folic acid or its association with the prevention of birth defects. Public health interventions aimed at increasing the periconceptional consumption of folic acid should be implemented or enhanced to reduce the incidence of NTDs in Algeria.
Introduction
Congenital malformations constitute the principal causes of mortality and morbidity in childhood. Spina bifida, encephalocele, and anencephaly are the most common severe congenital malformations with an incidence in some parts of the world, 1-5 per 1,000 births (1) , showing marked low socioeconomic status (2), geographic and ethnic variations (3), including Algeria. These malformations arise because of failure of closure of the neural tube and are designated as neural tube defects (NTDs) constitute one of the main congenital malformations. In most cases, the cause appears to be multifactorial genetic-environmental interaction (4, 5, 6) . Exposure to methotrexate, valproic acid (7) or aminopterin, maternal obesity and diabetes mellitus (8) , and lack of folate have been shown to increase the risk of NTD.
The relationship between periconceptional dietary folate supplementation and the prevention of up to 75% of NTDs is well recognized, although the mechanisms underlying the beneficial effect of folate are only partly understood (9) . There is a growing interest in the relationship between variation in genes that are involved in the folate-homocysteine metabolic pathway and the risk of spina bifida. Whitehead et al. (10) proposed an association between neural tube defects (NTDs) and a thermolabile form of the enzyme 5,10-methylenetetrahydrofolate reductase (MTHFR) caused by the common mutation 677C>T. Various clinical and experimental studies have demonstrated that folic acid supplementation during the periconceptional period can prevent the occurrence and recurrence of NTDs (9, 11) by overcoming a partial blockage in the conversion of 5,10-methylenetetrahydrofolate to 5-methyltetrahydrofolate.
Methylenetetrahydrofolate reductase (MTHFR) is an enzyme involved in the metabolism of folic acid through the conversion of 5,10-methylenetetrahydrofolate to 5 methyltetrahydrofolate, the methyl donor for methionine synthesis from homcysteine. This reaction is important in one-carbon metabolism, because methionine is the precursor of S-adenosylmethionine, the methyl group donor in more than 100 reactions. The 677C>T mutation causes an alanine to valine substitution in the predicted catalytic domain of MTHFR, rendering the enzyme thermolabile; homozygosity for the 677T allele is associated with an increase in homocysteine (Hcy) levels and decreased methylenetetrahydrofolate pool, predominantly in states of folate deficiency (12, 13) .
The prevalence of MTHFR C677T genotypes varies among different ethnic groups. it is low in Africa, whereas in Europe and North America it ranges between 5% and 15%, thereby suggesting regional differences in MTHFR C677T distribution (14) . For example, a high prevalence of the TT genotype was reported for Mexico (34.8%) (15) , Italy (21.4%) (16) and France (16.8%), while lower prevalences were reported for Thailand (1.4%) and India (2.0%).
Some studies have shown that those who are affected by NTDs, their mothers or both, present a greater MTHFR 677T allele frequency and a greater frequency of homozygosity for the 677C>T mutation (17, 18, 19) whereas others do not find this association (20, 21, 22) .
There no data concerning the incidence, associated anomalies, treatment and outcome of NTDs in Algeria. The aim of this study was to evaluate the prevalence of NTDs and the frequency of MTHFR 677 C>T mutation in mothers in our region.
Materials and Methods
The study was a retrospective review of the medical case notes over a 3-year period (2004) (2005) (2006) . Infants born with a NTD were identified from the hospital database. The following items are routinely collected for each case: birth date, sex, single or multiple birth, presence of additional congenital malformations, mother' county of residence and birth date. The proportion of all congenital anomalies on the register accounted for by NTD was calculated. Prevalence (birth) rates per 1,000 births were examined each year for 3 year study period. The following factors were compared by type of NTD: prevalence, sex ratio, mother's age and season of birth. It was not possible to identify stillbirths with NTD born at home and we have no data on prenatal diagnosis of NTD by ultrasound among our patients.
Chi-square analysis was used to evaluate significant differences in the distribution of the categorical data (genotypes between sex, NTD between sex and/or between mother's age). A P-value less than 0.05 was considered significant.
Results
The annual prevalence of all types of NTDs during the 3 years (2004-2006) treated in the Service of Pediatrics and Genocology-Obstetrics at Sétif Hospital (Algeria), was 7.3, 8.2 and 7.1 NTD cases per 1000 live births and fetal deaths. The total NTDs numbered 215 and the total live births and fetal deaths were around 28,500. Therefore, the incidence of NTD at Sétif Hospital is 7.5 per 1,000 births.
Of the total NTD cases, there where 122 (56.7%) with spina bifida, 69 (32.1%) with anencephaly, 1 (0.5%) with encephalocele and 23 (10.7%) with spina bifida and anencephaly; the corresponding birth prevalence per 1000 births was 4.35 for spina bifida, 2.42 for anencephaly, 0.70 for spina bifida and anencephaly and 0.03 for encephalocoele. Table 1 . shows the characteristics of cohorts of the different types of NTD. The sex distribution among NTD cases was significantly different, 126 (58.6%) females, 88 (40.9%) males (p <0.05) and one (0.5%) unknown or indeterminate. There were also significant differences between the type of NTD with regard to the female to male sex ratio. The female sex ratio was significantly higher for anencephalics (1.76) and spina bifida and anecephalics (4.0) compared with spina bifida (1.1) (p <0.05). Of all NTD cases studied, hundred and seventeen (54.4%) cases died in utero and 4 cases (1.9%) unknown. The trend had not significantly changed for spina bifida and anencephaly during the 3 year period. The spina bifida/anencephaly ratio for the 3 year period was 1.77 (122/69).
Of the 215 NTD cases in the study, there were 64 (29.8%) with associated hydrocephalus anomalies. This study shows 13% (28/215) of the parents with affected newborns had consanguineous marriages. The rate of affected newborns was highest in mothers aged between 31-35 years (21.9%). Seasonal variation in the birth prevalence of NTD during the 3 year period was observed. Birth prevalence of NTD was higher in the January-June period (58.14%) compared with the July-December period (41.86%). The rate of NTD in May and June was 13.5 and 15.8% respectively, and was higher than for other months.
Discussion
Neural tube defects are a worldwide problem, affecting an estimated 300,000 or more fetus or infants each year (23) . The reported annual percentage fall in the rates of NTD was 3.1-7.7% for the United States and 10.6% for the United Kingdom (24). Unfortunately we do not have previous data from our area or in all Algeria for comparison. This is the first report regarding NTD in Sétif (Algeria). Our study showed the incidence was 7.5 cases per 1,000. The trend over the 3 years remained fairly constant. Our rate is higher than studies in other countries such as Canada where it was 1.41/1,000 (25, 26, 27, 28) (46) . Spina bifida was the most common NTD in our study, which agrees with other studies (42, 47, 48, 49) , followed by anencephaly and encephalocele. The spina bifida to anencephalic ratio is similar to that reported by other workers (50) . Our research was shown that more than half of mortality is a consequence of anencephaly (32 ). In our study, there were 64 spina bifida (29.8%) with associated hydrocephalus anomalies. The etiology of congenital hydrocephalus is extremely heterogeneous and for instance it may be secondary to an open neural tube defect (51) . In general, patients with spina bifida, not including anencephaly and encephalocele, will have 80 to 85% chance of developing hydrocephallus (52) . Also, it has been suggested that there is an increased risk for hydrocephalus in families with a propositus affected with NTD (53) .
As reported in many other studies (54, 55), we also observed a significant females predominance. Regarding sex differences, our results indicate that the rate of NTD was higher in females than males (male to female ratio = 0.70). Others had reported 0.73 (38) , 0.78 (30, 42) and 0.85 (40) , or even a male predominance 1.07 (49) . The predominance of female anencephalic births over males in our study is similar to that seen in other countries and likewise the slight female predominance in spina bifida births (50). Our research showed that the highest rate of affected newborns was in mothers aged 31-35 years (21.9%), with 3.2% in mothers aged 16-20 years and 9.76% aged 36-40 years. Our observation is different from other studies which show a linear relation between the rate of NTD and increasing maternal age (42) or which show, a U-shaped curve with a higher risk among younger mothers and higher rates in mothers aged over 35 years (29, 45) . It may be due to factors such as lower rate of marriage under 20 years (sometimes even more than 25 years of age) and can be attributed to the use of contraceptive drugs using over 35 years.
In this study a seasonal variation in the birth prevalence of NTD was observed, it was higher in the January-June period compared with July-December period, then is similar to that reported by Mc Donnell et al. (50) . Some research has shown a predominance of NTD births in winter months particularly in October to December and January to March (42, 56) . Our research has shown that rate of NTD was higher in May with a peak in June. In Ireland the peak prevalence was in April (50) and in Northern Iran it was in December (42) . The seasonal variations in the birth prevalence and the peak of NTD observed in our population were difficult to compare with those of previous studies, which were performed in countries where income, seasonal changes in diet is completely different. The high prevalence of NTD it may be attributed to the low dietary intake of folate in our women population (57) and related with the seasonal variation of folate consumption. For example, the folate dietary intake of Havanan men was lowest in June and July, which contrasts with improvement in folate intake in June and July observed in Gambian women (58) , and with the increase in serum folate concentration during the summer observed in British men (59) .
It has shown that the rate of consanguineous marriage is high in NTD births (60) . In different Middle Eastern countries the rate of consanguineous marriages varies from 23.3% to 57.9% (61, 62) The incidence of consanguineous marriage in Algeria was 23-34% (63, 64) and the frequency of consanguineous marriage rates were 40.5 and 30.6% in rural and urban settings, respectively (64) . First-cousin marriages constitute almost one-third of all marriages in many Arab countries (65) . First-cousin marriage in Algeria was 10-16% (64) . In our study 13% of parents with affected newborns had consanguineous marriage (first-cousin). In families with children born with neural tube defects, the consanguinity rate was much higher than observed in the general population (2, 41, 66) . The relatively high proportion of first cousin marriages among parents of individuals with neural tube defects suggests that some of these cases are due to monogenic disorders (66). We were not able to confirm the suggestion that there is an increase risk for NTD in children born of consanguineous parents. The possibility that consanguinity could be a risk factor for NTD in a population requires further research (60, 67) .
Numerous articles have been published regarding the effect of folic acid intake on the reduction or prevention of NTD (30, 45, (68) (69) (70) . Intake of 0.4 mg per day of folic acid in the periconceptional period reduces the risk of NTD by 30-100% (9, 11, 71, 72) . Several studies have suggested that low vitamin B12 levels may be associated with an increased risk for NTD (19, 73, 74) . Our NTD group showed a higher risk of NTD among our women population, which may in part be attributable to a lower daily folate intake of women in our previous report; it revealed a large proportion of women (69%) presenting with less than the Reference Nutrient Intake (RNI) for folate (57) . Possibly, the most important finding from this study was the very low periconceptional use of folic acid-containing vitamins among our women population. Only 2.4% women in our population consumed multivitamins daily (57) . On the other hand, this finding is consistent with our research, given recent reports of much higher frequencies of specific folate pathway gene polymorphism, we found in our women population that MTHFR C677T prevalence is quite high, with a genotype frequency (677T) of 17.1% (Table. 2) (75) According to our findings genetic factors, interfamilial marriage and nutritional factors as folate deficiency may play a role in the NTD rate in this region of Algeria, although the mechanism, by which the genotype or folate status increases the risk of NTD, is not clear (76, 77) . So further investigations are needed, and we recommend that a central registry be set up to record NTD occurring in the Sétif region.
